Localization and characterization of an essential associative memory trace in the mammalian brain.
We argue here that we have succeeded in localizing an essential memory trace for a basic form of associative learning and memory - classical conditioning of discrete responses learned with an aversive stimulus - to the anterior interpositus nucleus of the cerebellum. We first identified the entire essential circuit, using eyelid conditioning as the model system, and used reversible inactivation, during training, of critical structures and activation of pathways to localize definitively the essential memory trace. This discovery and the associated studies have: 1) shown that the essential cerebellar circuit applies equally to all mammals studied, including humans; 2) shown that this cerebellar circuit holds for the learning of any discrete behavioral response elicited by an aversive US, not just eyelid closure; 3) identified the essential circuit and process for reinforcement for this form of learning; 4) shown that this form of learning and its essential cerebellar circuitry is phylogenetically very old; 5) solved the long-standing puzzle of where memory traces are formed in the brain when the CS is electrical stimulation of the cerebral cortex in conditioning; 6) shown that this cerebellar circuitry forms the essential neural substrate for the behavioral phenomenon of "blocking", and hence, 7) provides the first clear neural instantiation of the Rescorla-Wagner learning algorithm; 8) shown that the fundamental neural process underlying this form of learning is a strengthening of preexisting pathways, and 9) shown that the basic mechanism underlying this strengthening is the formation of new excitatory synapses. This article is part of a Special Issue entitled SI: Brain and Memory.